S2
. Overview of the experimental setup for the synchrotron X-ray diffraction measurements on a H-TTF single crystal under hydrostatic pressure: (a) A schematic drawing of the diamond anvil cell (DAC) used in this study, (b) a photograph of the H-TTF single crystal, a NaCl single crystal (for pressure calibration at low temperatures), and a ruby chip (for pressure calibration at room temperature) in the DAC (filled with Daphne 7373 (the pressure medium)), and (c) a schematic drawing of the present X-ray diffraction measurements using the DAC.
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Fig. S2. X-ray diffraction measurements on a H-TTF single crystal at 0.8 GPa. a) Images of the diffraction spots of -1 -1 -6 in the high-temperature (HT) phase and 1 6 0 in the low-temperature (LT) phase measured at several temperatures and b) temperature dependence of the relative intensity ratios (left side) of two pairs of diffraction peaks in the HT (red symbols) and LT (blue symbols) phases. For comparison, the temperature dependence of electrical resistivity measured at 0.8 GPa is also shown in (b) (right side; identical to the data shown in Fig. 3a in text) .
From the diffraction data, we have successfully determined the unit cell parameters of H-TTF in the LT (insulating charge-ordered) phase at 5 K at 0.8 GPa (Table 1 and S1) and in the HT (semiconducting dimer-Mott) phase at 293, 110, and 85 K at 0.8 GPa (Table S3 ). Table S1 . Unit cell parameters of the LT (insulating) phase of H-TTF at 0.8 GPa. Table S2 . Unit cell parameters of the LT (insulating) phase of H-TTF at 1.6 GPa.
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T (K) 5
Crystal system triclinic
8.220 (7) b ( Table S3 . Unit cell parameters of the HT (semiconducting) phase of H-TTF at 0.8 GPa. Table S4 . Unit cell parameters of the HT (semiconducting) phase of H-TTF at 1.6 GPa.
Crystal system monoclinic monoclinic monoclinic
29.34(2) 29.288 (13) 29.267 (12) b ( Å) 8.248 (7) 8.183 (4) 8.178 (4) c ( Å) 11.082 (9) 10.956(6) 10.944 (5)  ( Fig. S3 and S4 shown below).
Although the unit cell parameters of the HT phase under pressure were successfully determined in this study (Tables S3 and S4 ), the corresponding atomic coordinates were not determined. Therefore, we used the reported atomic coordinates (obtained at 1 atm at 293 K S1 ;
see Table S5 ) for all the calculations and simply evaluated how the contraction of the unit cell (or the decrease in the intermolecular distances) affects the transfer integrals and bandwidth.
The results (shown below) clearly demonstrate that these parameters are increased with increasing pressure, which should result in the decrease in the activation energy (Ea) in the HT semiconducting phase of H-TTF and D-TTF ( Fig. 2 and 3 Table S6 . (Tables S3-S5 ). The atomic coordinates used are those obtained at 1 atm (293 K). S1 The values of the bandwidth W are summarized in Table S6 , indicating an increase in W with increasing pressure. Here, the hydrogen bonds triggering the phase transition exist within the ac-plane (nearly along the c-axis), as shown in d). By applying hydrostatic pressure, the c-axis length is significantly decreased (c), which would lead to compression of the hydrogen bond (i.e., the O···O distance). In addition, the b-axis, vertical to the hydrogen bond, is also significantly contracted (b), and furthermore, the a-axis is slightly contracted (a). Therefore, one can imagine that the hydrogen bond is not simply contracted but deformed by applying the pressure, similar to the case reported by Endo et al. S3 . As a result, the original single-well energy potential curve in H-TTF S4 might be transformed into a double-well one, leading to the hydrogen localization at low temperatures (Fig. 3b ) and the following charge disproportionation/ordering.
In addition, the significant decrease in the b-and c-axis lengths indicates that the intermolecular distances in the conducting layers (the bc-plane, Fig. 1 and S3 ) are significantly
